We previously have identified a subpopulation of contact-insensitive (CS-) 
neoplastic transformation and somatic mutation induced by N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) was examined in clonally isolated cell cultures containing various proportions of CS cells (0.02-4%). The frequencies of morphological transformation, focus formation, and neoplastic transformation showed a positive correlation to the proportion of CS cells in the treated cultures. In contrast, the frequency of MNNGinduced somatic mutation at the Na',K+-ATPase locus was similar among cultures varying in their proportion of CS cells. Thus, there is a transient subpopulation of CS-cells in primary SHE cell cultures that is more susceptible to neoplastic transformation although equally susceptible to induced point mutation. This dissociation between somatic point mutation and neoplastic transformation indicates a fundamental difference in the nature of these two phenomena. A possible relationship between the propensity of CS cells (versus CS' cells) to carcinogen-induced neoplastic transformation and the state of differentiation of the CS cells is discussed.
low-passage cultures of SHE fibroblastic cells (11) (12) (13) . CScells can be identified by their ability to proliferate and form sizeable colonies on lethally irradiated confluent monolayers (cell mats) of contact-sensitive (CS') cells. These CS-cells in low-passage SHE cell cultures are transient and are lost through phenotypic conversion to CS' cells during passage in vitro (11) (12) (13) . Further, we have observed that CS' cells can differentiate terminally into mature adipocytes, whereas CScells do not exhibit terminally differentiated phenotypes (13) . Based on these observations, we propose that the conversion of CS-cells to CS' cells may represent an early stage of differentiation prior to the appearance of a specific phenotype or function that defines the terminally differentiated state.
In this study we investigated the different susceptibility of Low-passage Syrian hamster embryonic (SHE) cells are normal, diploid mesenchymal cells, which have been used for concomitant studies on neoplastic transformation and somatic mutation (9, 10) . Recently, we identified a contactinsensitive (CS-) cellular subpopulation, which lacks density-dependent inhibition of cell division, in primary and MATERIALS AND METHODS Cells, Culture Medium, and Chemical Treatment. SHE cell cultures were established from 13-day gestation fetuses collected aseptically by caesarian section from strain LSH inbred golden Syrian hamsters (Lakeview Hamster Colony, Newfield, NJ) as previously described (9) . Cells were cultured in modified Dulbecco's Eagle's medium (22) (Biolabs, Northbrook, IL) supplemented with 10% heat-inactivated fetal bovine serum (Biolabs) and 0.1 mg of garamycin (Schering) per ml. Cells were grown at 37°C in humidified 5% C02/95% air. All cultures were tested and found to be free of mycoplasma contamination. Preparation of N-methyl-N'-nitro-N-nitrosoguanidine (MNNG) stock solutions and treatment of cells with MNNG were as described (12 (12) . After cultures acquired the AD-phenotype, the cells were assayed for tumorigenicity as described (12) . Mutation Assay. The frequency of mutation at the Na' ,K+-ATPase locus after a 3-day expression time was quantitated by a respreading assay as described (9 A dose-response curve for cell survival was determined for these cultures. Cells derived from the CS--depleted cultures were more sensitive to MNNG than those from CS--enriched cultures (Fig. lA) . This difference in cytotoxicity implied that the target size of the CS' cells could be larger than that of the CS-cells or that repair may be more efficient in the CScells. Repair capacity has been reported to decline with both in vitro senescence (15) and cellular differentiation (16) . Induction of morphological transformation was dose-dependent. However, at high concentrations of MNNG, the frequency of transformation leveled off, partly because a longer recovery time was required for the cells treated with higher concentrations of MNNG. Because of the high frequency of spontaneous morphological transformation in our CS-cell system, the possibility of selection of preexisting morphological transformants could not be totally excluded. However, transformation frequencies in CS--enriched cultures were higher than theoretical selection frequency (17) . For example, with the assumption that MNNG was only cytotoxic to the nontransforming cells, at 50% survival the transformation frequency should have been twice that of the control (100% survival)-i.e., 3.6% versus 1.8%, respectively. However, the experimental value was 16%, significantly above the theoretically calculated value of 3.6%. Therefore, morphological transformation in the CS-enriched cell culture cannot be explained by selection phenomenon alone and is most likely due to induction by carcinogens, as reported for mixed cultures of SHE cells (10, 18, 19 (Fig. 2) . Moreover, the frequency of transformed foci correlated well with the initial frequency of CS-cells in the culture at the time of treatment. Transformed foci consisted of variously sized, randomly growing, basophilic cells, which appeared histologically more malignant than the morphological transformants.
One spontaneously transformed focus was found in one of two control dishes from highly CS--enriched cultures; no spontaneous foci were observed in eight control dishes of intermediately CS--enriched cultures. These low incidences of spontaneous and induced focus formation (Fig. 2) were in contrast to the high incidences of spontaneous and induced morphological transformation (Fig. 1 B and C) Cell Biology: Nakano et aL 5008 Cell Biology: Nakano et aL of 1-2 months, but these cultures did not transform neoplastically (i.e., did not acquire AD-phenotype) after further passages (Table 1) . In contrast, among the treated cultures, all of the CS--enriched cultures (0.2-4.0% CS-) transformed, while only 56% of the treated CS--depleted cultures (<0.2% CS-) transformed (Table 1) . Further, all of these transformed cultures eventually acquired both the permanent CS-and the AD-phenotypes. All AD-cell cultures that have been tested for tumorigenicity yielded tumors with 25-100% incidence within 2-5 months after injection of newborn hamsters with 2 x 106 cells. We conclude from these observations that CS--enriched cultures treated with MNNG have a higher frequency of escape from senescence, acquisition of in vitro neoplasia-related growth properties, and tumorigenicity than do MNNG-treated CS--depleted cultures.
The frequency of CS-cells in a culture at the time of treatment with MNNG also affected the chronological acquisition time of the CS-phenotype (Fig. 3, closed arrows) . Although the permanent CS-phenotype was acquired in all nonsenescent cultures 15-17 population doublings after treatment, as in the case with mixed SHE cell cultures (12) , the acquisition of this growth property was delayed in chronological time in CS--depleted cultures (50 days versus 20-30 days after treatment) (Fig. 3) . This phenomenon was presumably associated with the fact that CS--enriched cultures were less likely to exhibit a crisis period in contrast to CS--depleted cultures, which frequently experienced long crisis periods (Fig. 3) .
The acquisition time of the AD-phenotype varied among the individual cultures, ranging between 30 and 80 posttreatment population doublings (Fig. 3, open arrows) (20) . Borek (1985) in vitro senescence. Further, CS' cells differentiated terminally into mature adipocytes, whereas CS-cells were not observed to exhibit terminally differentiated phenotypes (13) .
These data suggest that the CS--to-CS' conversion is associated with differentiation. We propose that it represents an early stage in differentiation possibly associated with altered control of proliferation prior to the acquisition of a morphologically or biochemically recognizable differentiated phenotype. We conclude from these experiments that the CS-cells are less-differentiated cells and that these less-differentiated cells are more susceptible to chemically induced neoplastic transformation than are more-differentiated CS' cells. These results suggest that genes, or the control of the expression of genes, associated with neoplastic transformation could be altered with cellular differentiation, thereby changing their susceptibility to carcinogens. Neoplastic transformation of mixed SHE cell cultures has been described as a multistep, progressive process (19) , and the induction of both morphological transformation and a heritable AD-phenotype has been shown to be distinct from the induction of somatic mutation observed at the Na',K+-ATPase and HGPRT (hypoxanthine/guanine phosphoribosyltransferase) loci (10) . Neoplastic transformation may be initiated by a single gene mutational change, but it appears to be more complex than a single-gene mutational process. In the present comparative study, the frequency of MNNG-induced forward point mutation to ouabain resistance is similar between CS-cells and CS' cells, while the susceptibility to MNNG-induced neoplastic transformation is different between the two cell types. This dissociation between mutation and neoplastic transformation indicates a fundamental difference in the nature of these two processes and emphasizes the importance of epigenetic mechanisms, possibly coupled with differentiation, in neoplastic progression.
